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Abstract
New extended superspaces associated with topological charge algebras
of the D-brane are used to construct D-brane actions without worldvolume
gauge fields. The actions are shown to be kappa-symmetric under an
appropriately chosen right group action.
1 Introduction
Extended superspace action formalisms have been developed for both p-branes
and D-branes. In the case of p-branes, these are based on extended super-
algebras which allow the construction of manifestly super-Poincare´ invariant
WZ (Wess-Zumino) terms [1, 2]. This is related to the classification of cocy-
cles according to their CE (Chevalley-Eilenberg) cohomology [3]. In standard
superspace, the WZ field strength is a nontrivial CE cocycle. However, in appro-
priately extended superspaces, the same field strength is CE trivial. These are
the superspaces which admit the construction of a manifestly super-Poincare´ in-
variant WZ term. One can similarly construct actions for D-branes in extended
superspaces [4, 5, 6, 7]. The basic idea is the same, except that now there are
two cocycles. Trivialization of the cocycle associated with the WZ term allows
manifestly super-Poincare´ invariant actions to be constructed. Trivialization of
the cocycle associated with the NS-NS (Neveu-Schwarz) potential allows the
construction of actions without BI (Born-Infeld) worldvolume gauge fields.
The Noether charge algebra for p-branes is a modification of the standard
background superalgebra due to “quasi-invariance” of the WZ term [8]. A simi-
lar modification also occurs to the D-brane Noether charge algebra [9, 10]. These
algebras are conventionally evaluated by retaining only the bosonic topological
charges. Recently, it was noted that if fermionic topological charges are formally
retained and used to close the algebra, one recovers extended algebras which
allow trivialization of the cocycle [11, 12, 13]. Furthermore, due to a gauge free-
dom in the Noether charge algebra, one recovers a “spectrum” of such algebras
[11, 13]. This spectrum contains the known extended algebras as special cases.
A defining feature of both p-branes and D-branes is the presence of the lo-
cal κ-symmetry. This symmetry allows half the standard fermionic degrees of
freedom to be gauged away, and is associated with fermionic supercovariant
derivatives [14]. As a result, κ-symmetry is naturally implemented via a right
action of the background supertranslation group [15]. The standard superspace
action for D-branes contains the BI worldvolume gauge field. The transfor-
mation properties of this field under the left group action are postulated to
compensate for those of the NS-NS potential. In the extended superspace for-
malism, this transformation property is explained geometrically by replacing
the BI gauge field with a form on the extended superspace with the correct
transformation properties. The question is, can the required κ transformation
properties of the BI gauge field be similarly explained with group geometry?
A clue is that manifest κ-symmetry of an extended superspace p-brane results
from an appropriately chosen right group action [16].
In this paper, we derive a set of sufficient conditions for establishing κ-
symmetry of extended superspace D-brane actions via a right action. The
spectrum of D-brane topological charge algebras found in [13] is then inves-
tigated. Subalgebras associated with the NS-NS potential are shown to allow
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the construction of extended superspace actions for D-branes. κ-symmetry of
the actions is then established by solving for the required right action.
The structure of this paper is as follows. In section 2, D-brane actions in
standard, flat backgrounds are reviewed. In section 3, the extended superspace
formalism for D-brane actions is reviewed. A set of sufficient conditions for κ-
symmetry of extended superspace actions is derived. In section 4, the topological
charge algebras associated with the NS-NS potential of type IIB D-branes are
investigated. It is shown that the associated extended, type IIB superspaces
allow the construction of D-brane actions without worldvolume gauge fields.
These actions are shown to be κ symmetric by solving for the right action. In
section 5, the process is repeated for D-branes in extended, type IIA superspaces.
In section 6, some comments on action formalisms are made.
2 D-branes
2.1 Standard actions
The conventions used in this paper are described fully in [13]. We work with
the standard, flat, background superspaces in d=10. For type IIB superspace
it will be assumed that spinor indices are accompanied by an index I = (1, 2)
which identifies the spinor. The Pauli matrices (σi)IJ act upon these indices.
Γaαβ is assumed to be symmetric. The right acting convention for the de Rham
differential will be used, and wedge product multiplication of forms is under-
stood.
The superalgebra of the supertranslation group is:
{Qα, Qβ} = Γ
a
αβPa. (1)
The corresponding group manifold can be parameterized:
g(Z) = ex
aPaeθ
αQα (2)
ZA = {xa, θα}.
The left vielbein is defined by:
L(Z) = g−1(Z)dg(Z) (3)
= dZMLM
A(Z)TA,
where TA represents the full set of superalgebra generators. The right vielbein
is defined similarly:
R(Z) = dg(Z)g−1(Z) (4)
= dZMRM
A(Z)TA.
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The left action of the supertranslation group on itself is defined by:
g(Z ′) = g(ǫ)g(Z). (5)
This action is generated by operators QA (“left generators”). One finds:
δZM = ǫAQAZ
M (6)
= ǫARA
M ,
where RA
M are the inverse right vielbein components, defined by:
RA
MRM
B = δA
B. (7)
Forms that are invariant under a global left action will be called “left invariant.”
The left vielbein components are left invariant by construction.
The right group action is defined by:
g(Z ′) = g(Z)g(ǫ). (8)
The corresponding superspace transformation is generated by operators DA.
One finds:
δZM = ǫADAZ
M (9)
= ǫALA
M ,
where LA
M are the inverse left vielbein components, defined by:
LA
MLM
B = δA
B . (10)
DA are commonly known as “supercovariant derivatives” since they commute
with the QA. Unlike the QA, they do not generate global symmetries of the
action. However, they do play a role in the local κ-symmetry.
Dp-branes are κ-symmetric, p + 1 dimensional “worldvolumes” embedded
in the background superspace. Dp-branes in type IIA superspace exist only
for p even, while those in type IIB superspace exist only for p odd. Actions
for D-branes have been developed in both flat and more general backgrounds
[17, 18, 19, 20]. We now present the action with the conventions adopted in this
paper.
Let the worldvolume be parameterized by coordinates σi. The worldvolume
metric gij is defined using the pullbacks of the left vielbein components:
Li
A = ∂iZ
MLM
A (11)
gij = Li
aLj
bηab.
The action consists of two terms:
S = SDBI + SWZ . (12)
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The DBI term is:
SDBI = −
∫
dp+1σ
√
−det(gij + Fij). (13)
F is a 2-form:
F = B − dA. (14)
A = dσiAi is the BI worldvolume gauge field, which is a 1-form defined only on
the worldvolume. The NS-NS potential B is a superspace 2-form defined by:
dB = H, (15)
where H is the left invariant NS-NS 3-form field strength. For type IIA super-
space, H is:
H =
1
2
LadθΓ11Γadθ, (16)
while for type IIB:
H = −
1
2
LadθΓaσ3dθ. (17)
For type IIA superspace, closure of H requires the “standard” Fierz identity
[18]:
Γa(αβ(Γ11Γa)γδ) = 0, (18)
while for type IIB:
Γa(αβ(Γaσ3)γδ) = 0. (19)
The second term in the action is the WZ term:
SWZ =
∫
b. (20)
It is defined by the formal sum of forms:
b = b˘eF . (21)
The form of degree p + 1 is selected from this sum and the integral is then
performed over the worldvolume of the brane. We denote the form of a specific
degree in a formal sum by a number in brackets. For example:
b˘ = ⊕b˘(n). (22)
The R-R (Ramond) potentials b˘(n) are defined by:
R = db˘+ b˘H. (23)
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The R-R field strengths R(n) are left invariant superspace forms:
R(n) = (−1)pdθS(n−2)dθ, (24)
where for type IIA superspace the S(n) are given by:
S(n) =
1
2n!
La1 . . . LanΓa1...anΓ11
[n
2
+1], (25)
while for type IIB:
S(n) =
1
2n!
La1 . . . LanΓa1...anσ3
[n+1
2
+1]σ1. (26)
From (23) it follows that the total field strength for the WZ term is the degree
p+ 2 piece of:
h = db (27)
= ReF .
Closure of h is equivalent to some more general Fierz identities. For type IIA
superspace these are:
(m− 1)(Γ11
m
2 Γ[a1...am−2)(αβ(Γ11Γam−1])γδ) (28)
−Γam (αβ(Γ11
m+2
2 Γa1...am)γδ) = 0,
while for type IIB:
(m− 1)(Γ[a1...am−2σ3
m+1
2 σ1)(αβ(Γam−1]σ3)γδ) (29)
+Γam (αβ(Γa1...amσ3
m+3
2 σ1)γδ) = 0.
Most of these can be shown to hold by repeated use of them = 2 identity [18, 19].
It is a somewhat mysterious feature of the standard superspace D-brane
action that the BI gauge field also transforms under the left action of the super-
translation group. This transformation is determined by the requirement that
the potential F must be left invariant. Since [d,QA] = 0, we must therefore
require:
dQAA = QAB. (30)
From the left invariance of H it follows that:
QAB = −dWA (31)
for some set of 1-forms WA. Hence:
QAAi = −(WA)i (32)
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is the required transformation of the BI gauge field. Furthermore, since H is CE
nontrivial, there does not exist a potential B such that QAB = 0 for allQA [6, 7].
D-branes also have a local κ-symmetry. Let Vκ denote the infinitesimal
vector field generated by a κ transformation. This field is assumed to take the
form:
Vκ
M = ǫαLα
M (33)
ǫα = (κP−)α,
where κα(σ) are local worldvolume parameters and P− is a projection operator
to be determined. κ-symmetry of the action requires that:
δκF = iVκH, (34)
where i is the interior derivation. The κ variation of a superspace form Y is
identically:
δκY = iVκdY + diVκY. (35)
Equation (34) then implies that the κ transformation of the BI gauge field is:
δκAi = (iVκB)i (36)
up to a total derivative. Using (34) one finds:
δκb = iVκRe
F + d(iVκ b˘e
F ). (37)
We now summarize the proof of κ-symmetry given in [18] using the conven-
tions adopted in this paper. For type IIA superspace, define the matrix valued
forms:
ρ = eF
∑
n odd
S(n) (38)
T = eF
∑
n even
S(n),
while for type IIB:
ρ = eF
∑
n even
S(n) (39)
T = eF
∑
n odd
S(n).
T is related to the WZ field strength via:
h = (−1)pdθTdθ. (40)
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Then define the matrix valued densities:
ρ˜ =
1
(p+ 1)!
ǫ˜ip+1...i1ρi1...ip+1 (41)
T i =
1
p!
ǫ˜ip...i1iTi1...ip ,
where ǫ˜ is the antisymmetric Levi-Civita symbol. The associated matrix:
γ = −
ρ˜
LDBI
(42)
can be shown to be idempotent [18]:
γ2 = 1. (43)
The κ variation of the Lagrangian is then found to be:
δκL = −ǫ(1 + γ)T
i∂iθ. (44)
Setting:
P− =
1
2
(1− γ) (45)
then gives the required κ-symmetry. Since γ is traceless, the ±1 eigenvalues are
present in equal numbers. This allows half the θα to be gauged away using the
local parameter in (33).
3 D-brane actions on extended superspaces
Closed forms can be classified using CE group cohomology [3]. A closed form
Y = dX on the background superspace is CE trivial if there exists a potential
X such that
QAX = 0. (46)
Otherwise Y is CE nontrivial. CE nontrivial forms will be termed “cocycles,”
and CE trivial forms “coboundaries.”
Note that even for standard D-brane actions one has H = dF , and:
QAF = 0. (47)
Since F is not a form on the background superspace, the CE cohomology does
not apply. However, this preempts the philosophy for D-brane actions on ex-
tended superspaces. One wishes to find an extended superspace which allows
the construction of a left invariant potential for H [4, 5, 6]:
dF ′ = H (48)
QAF
′ = 0.
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Since F ′ is now a form on the extended background superspace, this represents
a “trivialization of the cocycle”. Denote the standard D-brane action (12) as
S[x, θ, F ]. The extended superspace D-brane action is then simply:
S′[x, θ, . . .] = S[x, θ, F ′], (49)
where . . . indicates extra superspace coordinates. In this way, the BI gauge
field is replaced by a form involving extra superspace coordinates. This demon-
strates one of the strengths of the extended superspace formalism: it describes
the left group transformation property (32) of the BI gauge field geometrically.
One of the defining properties of the D-brane is the required existence of local
κ-symmetry. In the same spirit as for the left group transformations, we now
seek a geometrical description of the κ transformations of the BI gauge field.
It is a general property of κ-symmetry that it is generated by a right action of
the background supertranslation group [15]. Let us first consider the standard
D-brane action. In this case the κ-symmetry (33) is generated by the right
action:
g(Z + Vκ
M ) = g(Z)g(ǫ) (50)
ǫA = {0, ǫα},
where ǫα is defined in (33). This exhibits another property of κ transforma-
tions: the parameter ǫa of the right action (corresponding to the superalgebra
generator Pa) vanishes. These properties go hand in hand with the structure of
the field strengths H and h. From (34) and (37), the κ variations of F and b are
determined by the explicit structure of iVKH and iVKR
(n) respectively. Both H
and R(n) have the structure:
Y = La1 . . . LamdθΓa1...amSdθ, (51)
where S is either Γ11 or a Pauli matrix. This yields the interior derivations:
iVκY = −2L
a1 . . . LamǫΓa1...amSdθ (52)
provided that Vκ results from a right action with the parameters (50). The
variation δκgij of the metric does not contain derivatives of ǫ
α. The resulting
structure of δκFij is then such that it combines nicely with δκgij .
For the extended superspace formalism, it is first noted that manifest κ-
symmetry of an extended superspace p-brane Lagrangian can be achieved with
a right action [16]. We will use a similar mechanism to establish κ-symmetry
for extended superspace D-brane actions. In the case of p-branes, the extra
superspace coordinates appear in the action only through a total derivative (ex-
cept in the scale invariant approach of [16]). The mechanism is then optional
since the variation of the Lagrangian will be a total derivative irrespective of
the way κ transformations of extra coordinates are defined. However, in the
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case of D-branes the mechanism must be used since extra coordinates appear
in the DBI term.
Let ZM now denote both the standard and extra coordinates of the extended
superspace:
ZM = {ZM˜ , ZMˇ} (53)
= {xm, θµ, ZMˇ}.
We first note that topological charge algebras are extensions of the standard
superalgebra by an ideal, and that the algebras known to allow construction
of extended superspace actions appear in the spectrum of topological charge
algebras [11, 12, 13]. We therefore assume that the background superalgebra is
an extension of the standard background superalgebra by an ideal. The following
properties follow:
• The standard coordinate blocks L
M˜
A˜ and L
A˜
M˜ retain their original struc-
ture.
• LAˇ
M˜ = 0.
This leads us to seek a new infinitesimal vector field V ′κ generated by the right
action:
V ′κ
M = ǫALA
M (54)
ǫA = {0, ǫα, ǫAˇ},
where ǫα is the same as in (33), and ǫAˇ are to be determined. Firstly, the κ
variation of the standard coordinates is then unchanged. Thus:
δ′κgij = δκgij . (55)
Secondly, although the proof of κ-symmetry for the standard D-brane depends
on the explicit structure of δκF , it does not depend on that of F itself (see, for
example [18]). This allows us to use the κ-symmetry mechanism of the standard
action in proving κ-symmetry of the extended action. If the parameters ǫA of
the right action are chosen such that:
diV ′κF
′ = 0, (56)
then the transformation δ′κF
′ = iV ′κH is obtained. Since H and R
(n) are
constructed only from dθ and La, the extra parameters in (54) do not affect
the relevant interior derivations. We thus have iV ′κH = iVκH , and therefore
δ′κF
′ = δκF . We also have iV ′κR
(n) = iVκR
(n), from which it follows that the
variation δ′κb
′ of the new WZ form is equal to the standard variation δκb up to a
total derivative. This derivative is ignored in the same way as the second term
of (37). We then have δ′κL
′ equal to δκL from (44) up to a total derivative.
Equations (48), (54) and (56) are therefore sufficient conditions to establish
κ-symmetry of the extended superspace D-brane actions.
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4 D-branes in extended type IIB superspaces
4.1 Cocycle trivialization
We wish to find extended superspaces which admit left invariant solutions of
the equation:
dF ′ = H (57)
= −
1
2
LadθΓaσ3dθ.
These extended type IIB superspaces will allow the construction of D-brane
actions without BI gauge fields via the action (49). We consider the spectrum
of topological charge algebras of the D-strings derived in [13]. The subset of
this spectrum associated with the NS-NS potential of type IIB D-branes is1:{
Qα, Qβ
}
= ΓaαβPa +
[
E −
1
2
]
(Γaσ3)αβΣ
a (58)
−
[
E −
1
4
]
Σαβ[
Qα, Pb
]
= −E(Γbσ3)αβΣ
β[
Qα,Σ
b
]
= ΓbαβΣ
β[
Qα,Σβγ
]
= −
[
Γaα(β(Γaσ3)γ)δ − Γ
a
δ(β(Γaσ3)γ)α
]
Σδ,
where E is a free constant. The generators will be associated with the following
left vielbein components:
{Pa, Qα,Σ
a,Σα,Σαβ} → {L
a, Lα, La, Lα, L
αβ}. (59)
The Maurer-Cartan equations following from (58) are:
dLα = dθα = 0 (60)
dLa = −
1
2
dθΓadθ
dLa = −
1
2
[
E −
1
2
]
dθΓaσ3dθ
dLα = EL
b(Γbσ3dθ)α − Lb(Γ
bdθ)α
+Lβγ
[
(Γbdθ)β(Γbσ3)γα − Γ
b
αβ(Γbσ3dθ)γ
]
dLαβ =
1
2
[
E −
1
4
]
dθαdθβ .
The required potential F ′ on the extended superspace can be found by form-
ing all possible super-Poincare´ invariant 2-forms of dimension two, and then
1The free phase angle in the algebra of [13] should be set equal to that of the SO(2) frame
of the type IIB action being used, which in this case is zero. This results in a minimal set of
extra generators. Differences in sign amount to the rescaling (Qα, Pa)→ (−Qα,−Pa).
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equating coefficients in the equation dF ′ = H . Since the vielbein components
are already left invariant, it suffices to consider all possible Lorentz invariant
bilinear combinations. It is useful to introduce an arbitrary constant K, and
then find the general solution of the equation:
dF ′ = −KLadθΓaσ3dθ. (61)
The action being used then corresponds to K = 12 . The solution is found to
exist for all E 6= 14 , and contains a free parameter C:
F ′ = C1L
aLa + C2L
αLα + C3L
aLαβ(Γaσ3)αβ + C4LaL
αβΓaαβ (62)
+C5L
αβΓaαβL
γδ(Γaσ3)γδ
C1 = −4K −
C
4
(4E − 1)
C2 = 2K
C3 = −
C
2
(2E − 1)
C4 = C
C5 = −
2C(2E − 1)
4E − 1
.
The presence of the free parameter means that the solution has the form:
F ′ = −4KLaLa + 2KL
αLα + CF
′
homog, (63)
where dF ′homog = 0. This type of solution is familiar for differential equations.
The first two terms are the unique particular solution, while the last is the
solution of the associated homogenous equation. F ′homog is a Lorentz invariant
2-cocycle. It is explicitly obtained by setting K = 0 in the solution (62) for F ′.
There are two special cases of the algebra (58) where generators become
redundant. The first is for E = 14 (the singular case of the general solution). In
this case Σαβ appears nowhere on the RHS of a bracket and may therefore be
excluded from the algebra entirely. Upon rescaling, this algebra is equivalent to
ones considered in [4, 5, 7]. The unique solution for F ′ is then:
F ′ = −4KLaLa + 2KL
αLα. (64)
The second special case is for E = 12 , which allows Σ
a to be excluded from the
algebra. The algebra in this case yields the unique solution:
F ′ = 2KLαLα. (65)
Therefore, topological charge algebras associated with the NS-NS potential
of the standard, type IIB action can be used to construct D-brane actions on
extended, type IIB superspaces. In the general case where all generators are
present, the existence of a Lorentz invariant 2-cocycle of dimension two indicates
that the superspace is extended more than is necessary for cocycle trivialization.
The algebras in the two special cases E = { 14 ,
1
2} may be viewed as “minimal
extensions” in this regard.
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4.2 κ-symmetry
To show that the new F ′ potentials yield D-brane actions (49) which are κ-
symmetric we need to find a right action satisfying the conditions (54) and
(56). Let us first consider the general case where all the generators are present.
Associate the parameters ǫA of the right action with the generators of the algebra
(58) as:
{Pa, Qα,Σ
a,Σα,Σαβ} → {ǫ
a, ǫα, ǫa, ǫα, ǫ
αβ}. (66)
From (54), we already know that ǫa = 0, while ǫα is given by (33). To find
the remaining parameters one needs to use properties of the matrices Γa and σi
under trace2 in d=10:
(Γaσ3Γbσ3)
α
α = 64ηab (67)
(Γaσ3Γb)
α
α = 0.
By requiring diVκF
′ = 0 one then finds a solution for the parameters ǫA =
{0, ǫα, ǫa, 0, ǫ
αβ}, with:
ǫa =
(
C2
C1 +
C3C4
C5
)
ηabLi
bgijǫαLjα (68)
ǫαβ = −
(
C4
64C5
)
ba(Γ
aσ3)
αβ .
In the case E = 14 (with Σ
αβ absent), the solution for F ′ is given by (64).
One finds the solution for the parameters ǫA = {0, ǫα, ǫa, 0}, with:
ǫa =
(
C2
C1
)
ηabLi
bgijǫαLjα. (69)
κ-symmetry in this case is analogous to manifest κ-symmetry of the GS super-
string [16].
The mechanism used in the previous two cases relies on the existence of a
matrix Ka
i such that:
Li
aKa
j = δi
j . (70)
Indeed, the results were obtained by setting:
Ka
j = ηabLk
bgkj . (71)
In the case E = 12 (with Σ
a absent), the solution for F ′ is given by (65). One
finds that the same mechanism now relies on the existence of a matrix Kα
i such
that:
Li
αKα
j = δi
j . (72)
2Since we are working with compound IIB indices, Γαβ is actually shorthand for Γ
αI
βJ =
Γαβδ
I
J . This yields twice the ordinary trace of gamma matrices.
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One can consider, for example:
Kα
j = Cαβ∂kθ
β g˜kj (73)
g˜ij = ∂iθ∂jθ. (74)
Whilst the nondegeneracy of gij holds for all “non-lightlike” solutions of the
equations of motion, nondegeneracy of g˜ij holds only for solutions with nonvan-
ishing θa. This is a severe restriction (which for example excludes all solutions of
the bosonic action). It thus appears that the standard right action mechanism
for κ-symmetry does not apply when Σa is absent from the algebra.
Of the three solutions (62), (64) and (65) for F ′, the last two make use of
algebras which are minimal extensions of the background, while the first two ad-
mit κ-symmetry via the standard mechanism. Using the extended background
superalgebra with E = 14 and Σ
αβ absent (with the solution (64) for F ′) there-
fore appears to be a good choice for extended superspace D-brane actions.
5 D-branes in extended type IIA superspaces
5.1 Cocycle trivialization
We wish to find extended type IIA superspaces which admit left invariant solu-
tions of the equation:
dF ′ = KLadθΓ11Γadθ. (75)
The action being used corresponds to K = 12 . These superspaces will then allow
D-brane actions without BI gauge fields to be defined via the action (49). We
consider the spectrum of topological charge algebras associated with the NS-NS
potential of the D-membrane, derived in [13]. This spectrum is:
{
Qα, Qβ
}
= ΓaαβPa −
[[
E2 −
1
2
]
(Γ11Γa)αβ + E1Γaαβ
]
Σa (76)
+
[
E2 −
1
4
]
Σαβ[
Qα, Pb
]
=
[
E1Γbαβ + E2(Γ11Γb)αβ
]
Σβ[
Qα,Σ
b
]
= ΓbαβΣ
β[
Qα,Σβγ
]
= −
[
Γaα(β(Γ11Γa)γ)δ − Γ
a
δ(β(Γ11Γa)γ)α
]
Σδ,
where E1 and E2 are free constants. Again associate the generators with the
left vielbein components:
{Pa, Qα,Σ
a,Σα,Σαβ} → {L
a, Lα, La, Lα, L
αβ}. (77)
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The resulting Maurer-Cartan equations are:
dLα = 0 (78)
dLa = −
1
2
dθΓadθ
dLa =
1
2
[
E2 −
1
2
]
dθΓ11Γadθ +
1
2
E1dθΓadθ
dLα = −E1L
b(Γbdθ)α − E2L
b(Γ11Γbdθ)α − Lb(Γ
bdθ)α
+Lβγ
[
(Γbdθ)β(Γ11Γb)γα − Γ
b
αβ(Γ11Γbdθ)γ
]
dLαβ = −
1
2
[
E2 −
1
4
]
dθαdθβ .
The calculations proceed in the same way as for the type IIB case. The
general solution exists for all E2 6=
1
4 , and again contains a free parameter C:
F ′ = C1L
aLa + C2L
αLα + C3L
aLαβΓaαβ + C4L
aLαβ(Γ11Γa)αβ (79)
+C5LaL
αβΓaαβ + C6L
αβΓaαβL
γδ(Γ11Γa)γδ
C1 = −4K +
C
4
(4E2 − 1)
C2 = 2K
C3 = E1C
C4 =
C
2
(2E2 − 1)
C5 = C
C6 = −
2C(2E2 − 1)
4E2 − 1
.
The free parameter C again shows the presence of a Lorentz invariant 2-cocycle,
of dimension two, on the extended superspace. This cocycle is given by the so-
lution (79) for F ′ with K = 0.
The first special case of the algebra (76) is E2 =
1
4 , which allows Σ
αβ to be
excluded. In the gauge E1 = 0, this algebra corresponds to one used in [6]. The
unique solution for F ′ (which exists for all values of E1) is found to be:
F ′ = −4KLaLa + 2KL
αLα. (80)
The second special case is when E1 = 0 and E2 =
1
2 , in which case Σ
a may be
excluded. The unique solution is then:
F ′ = 2KLαLα. (81)
Therefore, topological charge algebras associated with the NS-NS potential
of the standard, type IIA action can be used to define D-brane actions on their
associated superspaces. The two special cases yield extensions of the standard
background superalgebra which are minimal (in the sense of cocycle trivializa-
tion).
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5.2 κ-symmetry
The calculations for the κ-symmetries proceed similarly to the type IIB case.
One now needs the trace properties:
(Γ11ΓaΓ11Γb)
α
α = −32ηab (82)
(Γ11ΓaΓb)
α
α = 0.
Associate the parameters ǫA of the right action with the generators of the su-
peralgebra as:
{Pa, Qα,Σ
a,Σα,Σαβ} → {ǫ
a, ǫα, ǫa, ǫα, ǫ
αβ}. (83)
In the general case where all the generators are present one finds the solution
ǫA = {0, ǫα, ǫa, 0, ǫ
αβ}, with:
ǫa =
(
C2
C1 +
C4C5
C6
)
ηabLi
bgijǫαLjα (84)
ǫαβ = −
(
C5
32C6
)
ba(Γ11Γ
a)αβ .
When Σαβ is absent (E2 =
1
4 ), one again obtains ǫ
A = {0, ǫα, ǫa, 0}, with:
ǫa =
(
C2
C1
)
ηabLi
bgijǫαLjα. (85)
The case where Σa is absent (E1 = 0 and E2 =
1
2 ) again does not admit κ-
symmetry via the mechanism considered here.
Therefore, in the type IIA case there is a one parameter spectrum of al-
gebras (E1, E2) = (E1,
1
4 ) characterized as “minimal extensions” that admit
κ-symmetry via a right action.
6 Comments
New superalgebras resulting from the topological charge algebras of the stan-
dard D-brane action were shown to allow the construction of D-brane actions on
extended superspaces. In all but one discrete case, these actions were shown to
admit κ-symmetry via an appropriately chosen right group action. We observe
that there is a correspondence between manifest symmetries of Green-Schwarz
superstring actions and (non-manifest) symmetries of the D-brane action. In
the case of the superstring, one constructs a WZ 2-form on an extended back-
ground superspace. One requires that this form be super-Poincare´ invariant,
and also be such that it admits manifest κ-symmetry of the action. In type
II superspaces, analogous solutions appear which can be used to replace the
F field of D-branes. Via the arguments presented in section 3, these solutions
15
yield super-Poincare´ invariant, κ-symmetric actions without BI gauge fields.
Concerning gauge symmetries and the extended superspace formalism, we
point out that κ-symmetry is not the full story. The “price” one has paid for an
action without worldvolume gauge fields is the introduction of extra superspace
degrees of freedom. If the two action formalisms are to be equivalent, they must
possess the same number of degrees of freedom. There must then exist gauge
symmetries which allow the extra superspace degrees of freedom to be reduced
to those of the BI gauge field. This issue has been considered in [21].
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